We have determined the structures of Nod factors produced by strains representative of Sinorhizobium teranga bv. acaciae and the so-called cluster U from the Rhizobium loti branch, two genetically different symbionts of particular Acacia species. Compounds from both strains were found to be similar, i.e., mainly sulfated, O carbamoylated, and N methylated, indicating a close relationship between host specificity and Nod factor structure, regardless of the taxonomy of the bacterial symbiont.
Rhizobia symbiotically interact with leguminous plants. Host specificity is mainly controlled by extracellular bacterial signal molecules, which are called Nod factors (NFs) , that are recognized by the host plant (5, 6) . NF chemical structure consists of a chitooligosaccharide backbone substituted by an N-acyl chain at the nonreducing end and by various other decorations at the two glucosamine-terminal residues (5) . The substitutions attached to the core structure are dependent on each species or strain and make the NFs plant specific (5, 22) . The ability to nodulate a given legume species can be shared by rhizobia from diverse taxonomical origins (16) , raising the question of whether bacteria have evolved a similar strategy, i.e., the development of similar NFs, to nodulate their host plants. An illustration of the dissociation between host specificity and taxonomy has recently been described for isolates from Acacia species in Senegal which belong to the new species Sinorhizobium teranga bv. acaciae or to the so-called cluster U, which is related to Rhizobium loti (4, 15) . Both groups of symbionts exhibit similar, relatively broad host ranges (15) . Thus, in the course of our studies to evaluate the correlation between NF structure and host specificity and its relationship to bacterial taxonomy, we examined the structures of NFs produced by S. teranga bv. acaciae ORS1073 and Rhizobium sp. strain ORS1001 from cluster U, both of which were isolated from Acacia senegal (4) .
NF production and purification. To overcome the problem of NF production encountered in wild-type strains of S. teranga and Rhizobium sp. from cluster U (15), we used the overproducing derivatives ORS1602 and ORS1645, which had previously been constructed by introducing plasmids containing nodD genes from taxonomically related strains into ORS1073 and ORS1001, respectively ( Table 1 ). The strains were maintained on yeast extract-mannitol medium (4) . The cells were grown at 30°C in V medium (19) supplemented with tetracycline (5 g/ml) and 2.5 M naringenin (for ORS1602) or 10 M luteolin (for ORS1645). They were pelleted by centrifugation (8,000 ϫ g, 45 min), and supernatants from 7.5 liters of culture were extracted as previously described (19) . Reversephase high-pressure liquid chromatography (HPLC) separations revealed several peaks (Fig. 1) ; among these, some were NFs considered (indicated by roman numerals) as deduced from their chitooligomeric sequences, which were determined by mass spectrometry (MS) (see below). In both strains, NF II and NF III were present in the largest amounts.
Analytical methods and permethylation. Gas chromatography (GC) analyses and mass spectra were performed as described elsewhere (1, 17, 18) . 1 H-nuclear magnetic resonance (NMR) spectra were measured on a Brüker (Karlsruhe, Germany) ARX400 MHz spectrometer, and samples were dissolved in deuterated dimethyl sulfoxide (1 mg/0.3 ml). Approximately 50 g of dried, NaBD 4 -reduced sample (19) was permethylated under conditions that were expected to cause both the sulfate and the carbamoyl groups to be retained (13) , except that NaOH was previously dried by melting before addition.
Constituent analysis of NF. After acid hydrolysis of the fractions, GC analysis of the peracetylated (Ϫ)-2-butylglycosides (8) assigned N-acetylglucosamine and N-methylglucosamine to the D series. Fatty acids were released from NFs as methyl esters (17) and were identified as either palmitic acid (C 16:0 ) (fractions I and IV), stearic acid (C 18:0 ) (fraction III), or vaccenic acid (C 18:1 ) (fractions II and V). Backbone structures and locations of the substituents. Analysis of the HPLC fractions by liquid secondary-ion MS ionization in an acidified matrix led to formation of the corresponding (MϩH) ϩ ions, together with a series of fragments (Fig. 2) . The presence of a sulfate group in fractions I, II, and III was detected by the loss of 80 mass units, which was confirmed by sodium attachment that gave the corresponding M-Hϩ2Na ions. The chitooligomeric sequence was deduced from a series of four ions separated by 203 mass units (12) Hydrolysis of the permethylated product followed by NaBH 4 reduction and peracetylation afforded partially O-and N-methylated sugars which were identified as alditol acetates by GC-MS (1, 17, 19) methyl substitutions on the reducing terminus showed that the sulfate group was on O-6. 3,4-O and 6-O methylations characterized the nonreducing terminus. This last result was unexpected, since it indicated that the O-carbamoyl group was at least partly eliminated during the methylation procedure. No new di-O-methylated glucosamine derivative was detected. It is tempting to propose that the carbamoyl group is on O-4. However, the same methylation procedure performed on model compounds that were O carbamoylated on O-6 led to the partial removal of this substituent, and the yield of the expected 3,4-di-O-methyl derivative was very low. Thus, another method must be used to reliably locate carbamoyl groups on the sugar backbone. 1 H-NMR spectra of the major compounds NF II and III confirmed carbohydrate and MS analysis. Resonances between ␦ 4.40 and 4.44 (J 1,2 ϭ 8.0 Hz) are due to the anomeric protons of the ␤-linked N-acetylglucosaminosyl residues, whereas the resonance at ␦ 4.81 (J 1,2 ϭ 2.9 Hz) corresponds to the anomeric proton of the reducing ␣-N-acetyl-D-glucosamine, as reported for other Nod metabolites (1, 3, 18, 20) (data not shown). Comparison of the spectra from sulfated and nonsulfated compounds indicated a downfield shift for two protons in the former (␦ 4.65 and ␦Ј 4.80) which was attributed to the deshielding effect of the sulfate group on H-6 protons at the reducing end (12, 17) . The following other classically described signals were also identified: the characteristic proton shift of N-CH 3 (␦ 2.7), the C 18:1 acyl proton giving a triplet (␦ 5.33) , and the resonances due to the methylene group (ϪCH 2 ; ␦ 1.24, 1.46, and 2.25), the N-acetyl groups (␦ 1.81), and the methyl group of the fatty acyl residue (Me; ␦ 0.86) (data not shown).
Conclusion. Genetically modified strains derived from S. teranga bv. acaciae ORS1073 and Rhizobium sp. strain ORS1001 produced similar NFs (Fig. 3 ): all were chitopentamers, were carbamoylated, were N methylated, and were acylated by common fatty acids at the nonreducing end and were mostly 6-O sulfated at the reducing end. Major compounds produced by both strains were identical ( Fig. 3; Table 2 ). These molecules were very close to NFs produced by Rhizobium sp. strain GRH2 isolated from Acacia cyanophylla (14) and Rhizobium tropici CFN299 and CIAT899 (7, 17) , both of which share with S. teranga and cluster U Acacia strains the ability to nodulate A. senegal, Acacia raddiana, Acacia nilotica, Prosopis juliflora (2) , and Leucaena leucocephala (9) . The main difference between S. teranga bv. acaciae and Rhizobium sp. (A. senegal) from cluster U and other fast-growing Acacia nodulating strains is the presence of a carbamoyl group at the nonreducing end for all NFs, indicating that this substitution is not essential for the nodulation of common host plants, including L. leucocephala. In contrast to the widely compatible legumes L. leucocephala (7, 11, 24) and Phaseolus vulgaris (21) , which can recognize very different structures, particular Acacia species appear to be rather selective, which is a situation similar to that described for Glycine max (1, 3, 20) . Such different structural requirements probably reflect different selection pressures from the host plant.
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